INTRODUCTION
T lymphocytes, unlike B lymphocytes, recognize antigen predominantly in the context of membranebound products of the major histocompatibility complex (MHC) (1-5). This "dual" recognition is important for the activation of T cells with cytotoxic effector function as welt as immunoregulatory activities. With regard to the former, T cells can lyse specific target cells, including those that have been infected with viruses and carry viral antigens (7-10). Moreover, they regulate the activity of cells within the immune system such as T cells, B cells, and macrophages, as well as hematopoietic stem cells, fibroblasts, osteoclasts, and other cell types extrinsic to the lymphoid system (11) (12) (13) (14) (15) (16) (17) (18) (19) . Characterization of T-cell receptors encoding various specificities could be particularly valuable for a molecular understanding of the cellular interactions underlying these activities.
Given that T lymphocytes recognize antigens in a precise fashion, discriminative surface structures restricted in their expression to individual T-ceil clones (i.e., clonotypic) must exist. The recent development of technologies to propagate continually clonal populations of human T lymphocytes in vitro (20) (21) (22) (23) (24) has provided a new basis for the identification of such clonotypic recognition detertDivision of Tumor Immunology, Dana-Farber Cancer Institute, and Departments of Medicine and Pathology, Harvard Medical School, Boston, Massachusetts 02115. 141 minants. Thus, clonal human T-cell populations of predefined specificities have been used as immunogens to produce a series of clone-specific murine monoclonal antibodies. These anticlonotypic antibodies identify a novel class of 90-kD (kilodalton) heterodimers, termed Ti, that are membrane associated with the previously described 20-and 25-kD T3 glycoproteins present on all mature human T lymphocytes (25, 26) .
With this approach it is possible to provide compelling evidence for the notion that each T lymphocyte, regardless of subset derivation, specificity, or regulatory activity, uses an analogous T3-associated Ti heterodimer as its receptor for antigen and MHC. The mechanism by which triggering of the T3-Ti molecular complex results in a clonal T-cell population and its linkage to an interleukin 2 (IL-2)-dependent autocrine pathway are shown.
T4+ AND T8+ CYTOTOXIC T LYMPHOCYTES RECOGNIZE DIFFERENT MHC GENE PRODUCTS
A number of human T-cell lineage-restricted surface glycoproteins have been defined by monoclonal antibodies. Thus, for example, each mature T lymphocyte expresses the 20-and 25-kD T3 glycoproteins. The latter appear in late intrathymic ontogeny at the time of acquisition of immunologic competence and play a central role in T-cell function (27-33). Moreover, among T3+ T lymphocytes, two subsets were found that exhibit unique regulatory and effector activities. On the basis of their unique 62-and 76-kD membrane markers, these were termed T4+ and T8+, respectively (17) (18) (19) 34) . The T4+ subset (representing approximate-ly two-thirds of the peripheral T cells) was shown to provide inducer/helper activities for T-T, T-B, and T-macrophage interactions, whereas the T8+ subset (one-third of the peripheral T cells, reciprocal to T4+ T cells) functioned principally in a suppressive mode (35, 36) . Although both subsets of cells proliferated to aUoantigen (foreign cell-surface determinants) in mixed lymphocyte culture (MLC), the vast majority of cytotoxic effector function was detected in the T8+ population. Moreover, the development of cytotoxicity by T8+ cells in general required interactions with T4+ cells or their soluble products. In contrast, only a minor component of cytotoxic effector function resided within the T4+ subset, and this was maximal when T4+ cells alone were sensitized in MLC (34).
To characterize individual cytotoxic effector lymphocytes (CTL) in humans, we developed a strategy to clone and propagate antigen-specific T-cell populations in vitro (24). This involved in vitro expansion with interleukin 2 (IL-2), a T cell-specific growth factor, and frequent restimulation with specific alloantigen. As expected from the above data with purified T cells, the majority of cytotoxic T cell clones was derived from the T8+ subset.
The specificity of T4+ and T8+ clones and subclones was also characterized. T8+ clones were found to kill targets that shared class I MHC antigens (HLA-A, -B, -C) with the original stimulator cells, whereas cytotoxic T4+ clones were directed at class II MHC antigens (Ia related). These results indicated that the vast majority of T4+ and T8+ T lymphocytes had receptors for different classes of MHC antigens (T8-class I and T4-class II correlation) (24, (37) (38) (39) . Analogous findings have been reported from studies with autoreactive T-cell clones as well.
EFFECTS OF MONOCLONAL ANTIBODIES DIRECTED AT MONOMORPHIC STRUCTURES ON ANTIGEN-SPECIFIC FUNCTION
The association between the surface phenotype (that is, surface glycoproteins) of CTL and the class of MHC molecules recognized implied that the subset-restricted structures, T4 and T8, might be required to facilitate selective tysis of different target antigens. To determine if individual anti-T4 and anti-T8 antibodies influenced killing function, cytotoxic T-cell clones were preincubated with T cell-specific monoclonal antibody or medium alone prior to the CML assay. It was found that anti-T8 did not diminish the level of killing by MHC class II-restricted T4+ clones but markedly decreased cytotoxicity mediated by the MHC class I-restricted T8+ clones (24, 40) . In contrast, anti-T4 preincubation resulted in a >80% reduction of cytotoxicity by the T4+ clones but had no effect on killing by the T8+ clones. In addition, anti-T3, unlike anti-T4 and anti-T8, inhibited the killing by both T4+ and T8+ clones. Moreover, anti-T3 was unique among antibodies that define other mature T-cell surface structures since other antibodies did not inhibit the cytotoxic capacity of all clones even when used at saturating concentrations. Thus, the observed inhibition was not simply a function of antibody binding to a clonal effector population.
These results implied that at least several surface molecules were important in CML: T3 and T4 molecules on T4+ clones and T3 and T8 molecules on T8+ clones (41). Since other studies showed that CML was restored by lectin approximation of killer and target cells even in the presence of monoclonal antibodies to these molecules, it appeared that T3, T4, and T8 were involved in recognition events rather than the lytic mechanism. In further support of this notion was the observation that the targetcell specificity of CTL clones was abrogated by lectin approximation.
Antigen-specific CTL clones recognizing autologous B-lymphoblastoid lines transformed by Epstein-Barr virus (EBV) are also governed by a series of recognition elements identical to the clones directed at aliogeneic targets (9, i0, 42). Specifically, CTL expressing the T8 phenotype recognize the autologous B-lymphoblastoid line in the context of class I MHC molecules. Anti-HLA antibodies block CTL effector function at the target level, and anti-T8 antibodies abrogate the ability of these class I-specific killers to kill. In contrast, T4+ CTL recognize Ia (class II) determinants on the autologous lymphoblastoid cell and are inhibited by anti-T4 but not by anti-T8 antibodies. As with the allogeneic CTL, anti-T3 antibody preincubation inhibits the killing ability of both T4+ and T8+ effector T cells. Because these clones fail to lyse autologous B cells not infected with EBV or pokeweed mitogen (PWM)-stimulated B-cell blasts, such T4+ and T8+ effectors seem to recognize viralty encoded surface glycoproteins in association with class II or class I molecules, respectively. Thus, they are said to show either a class II or a class I MHC restriction. At present, however, these viral proteins have not been identified.
